
It: is riot easy, ir =o&r.n technology, t o  eva lunte  the 
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7 "  C o c l - ~ e ~ m g  chzt zir 's-chisd E, f r o n t  shock of an a i r c r a f t  
. .  Less - - a ~  ~ S C O X G  s - 2 f i c i e n t l y  ionized below a Kach nucber of  18, 

a:= LT.---I -,::~b SCC-J-V~S of' sL.raline r e t a l s ,  n o t  e a r l i e r  than  a 

:.kch ::-L~cF of 2, the h p o r t a n c e  of t he  l a s t  minute change t o  
.:-/ J 
c *-,--e u -mstofluidL-panics can e a s i l y  be .minimized, On t h e  

- . .  . 

2 h m S  L2e-e ape a t  l e a s t  tyro g r e a t  expec ta t ions  f o r  

~a ;ne -~oTlu iddg~~smics :  (1) Since magnetofluiddynamics i s  being 

Ceve lapcd  f o r  handling h o t  mat ter ,  plasmas, w i th  t e a p e r a t u r e s  

- - . A . . L h  0 3,- , A  

--.c",ect _ _  

1, , ,- 1- * 

zt rnl'.llicns oi" d e p e a s ,  i t  should be t h e  very t o o l  t o  

tk-.= a i r c ~ a c 2 t  rz=air,st i t s  own mantle of h o t  a i r ,  which  

8 L-z-~G:- yoLler r?  c f t e r  break!&pg the  hea t  b a r r i e r  by 
L e - -  - - -  ..:.;z. ( 2 1  zZuc';:lc sv i t ch ing  i s  obviously supe r io r  and, 

'4 

c -- 



n e c h n i c e l  dcviee t o  c h s q e  the a i r c r a f t  shape f o r  v a r i a b l e  

C Z ~ L ~ - ~ ~ G I I S ,  Tk-2~3.r 'o~e, t he  sar tey  engineer  shpuld be on our 

- - ~ e  c ) 2  
. .  chsn v a r i a s l e  c~:i ;r ;?, spoilers, and f l a p s  can be substi- 

e l a c t p i c n l l y  cond-wtive air arollnd it. 

c:s~G-.-~IT' 2epmds  on comunicat ion a t  a l l  t i n e s ,  Thbs, we 

5 5 t, -77  .-7- LA-G r vrpy na tu re  of a i r  a t  high speeds,  a t  another  

ba-3s; - _  

;; s;ay r;lay f r o n  i t ,  or t o  conquer i s  by breaking the  i o n i c  

-- d - ~ ~ - - ~ : - d  L:: - 
a-'--. _ _  - - ' 2 ' air za;xctofluiddyr,cics for t he  e l e c t r i c a l l y  conduc- 

301-2: sithsr t o  Tsar the ionized s t a t e  of t he  a i r  and 

t::~ 1,zSsr c a s ~  ue take p a r t  i n  a l l  the b e n e f i t s  

_- 
a i..'rS 212' ,, 
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(1) R e a s t a S l i s b e n t  of comxnica t ion  in  order  t o  ob ta in  t h e  

b c n e f i k s  o f  azgnetof'luiddynamics f r e e  of p e n a l t i e s  

( 2 )  Ze lp  i n  curing t h e  Beadaches l e f t  a f t e r  breaking t h e  

Z G ~ Y ~  ;?_y_d k a t  b a r r i e r :  heat  sh i e ld ing ,  supersonic  

booz:, m d  boundary-layer con t ro l  

( 2 )  X m  concepts of lift and drag c rea t ion ,  power genera t ion ,  

TG reestablish padio corummication while t h e  a i r c r a f t  

kzs scr rocnded  i t s e l f  with ionisad ai,- is  mandatory f o r  many 

rULneC: 2.7 snd r?,mned r e e n t r y  appl ica t ions .  It i s  n o t  s u r p r i s i n g  

t h a t  tile proposals  t o  achieve G h i s  goa l  range f r o m  appl ica-  

t l o a  of brute f o r c e  t o  Tather ingenious methods. Since the  

h1Sh.speed motion i s  causing the t roub le  i n  an o r i b i n a l l g  un- 

ionFz:cd a i r ,  t h e  aerodynamicist may be c a l l e d  upon f i rs t  t o  

CLWG It, 

* l rGv  .-.i -+ b o t t m  behind a sharp l ead ing  edge would provide 

.-- c--3.^- .^^.  i: to;:z.rc? the  e a r t h  f o r  r a d i o  communication. It is 
(ZLL U_JL,--,, 

~ 2 1 3 7  nct vsrg promissing to .maintain any edge - l e t  us say  

'5;- G coxbination of  d i f f e r e n t  a b l a t i n g  m a t e r i a l s  s i m i l a r  t o  

t k a  .zicLlevement of  the edge on non d r ipp ing  wax candles - 
~ L r z a  i e  :s a l r eady  t h e  bes3 ab la t ion  n a t e r i a l  a v a i l a b l e  which 

-o:.-..L 'SZ-G-~ noses  a t  these h i g h  Kach nm-ixrs. knother method 

IS $9 :~cf.:~tain 2bSatizg mtanna ahc&d of t h e  nose by pushing 
-., 9 L cs~~tfnuo:slg fo reaa rd  l i k e  t b  vrelding r o d  i n  a blow to rch ,  
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-'- :LOP$ s o p h k t i c a t e d  method i s  the  e j e c t i o n  of halogens 

c1' e2.zctrL;-negative compounds0 Nclgative ions, being heav ie r ,  

k v c  a cach ;-cd;lced ; n o b i l i t y  compared with f r e e  e l e c t r o n s o  

/ 

'Fr , lag~etor luiddynamics has becoae popular as a t o o l  t o  harness  

r.>o-ic ens=.z?g by cyeat ing cont ro l led  f u s i o n  a t  a temperature 

0: s~-;o:-~.l ~ L l l i o n s  ~f Csgrees. If t h e r e  i s  any hope f o r  

cC~=;sec! bg r c m t c ~ 3 ~  vehicles coming from outerspace and 
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22 SF e 3 I s  childs p lay  ia conparison. There a r e ,  however, 

z c b s t a n t i a l  d i f f e rences  in  t h e  two f l o w  regimes: While - the 

--.a I s  ex+,rezely lox a t  reent ry ,  It a l m o s t  seems t h a t  

f i c ~ t x a  i s  n o t  q u i t e  f a i r  t o  the ae ronau t i ca l  problem by 

c ~ ~ s l ~ ~  corinmication t roub les  a t  lower i o n i z a t i o n  as i s  

x-eqxirod f o r  pu t i c ip tXi ; . 7 !  on the bene f i t s .  Such complaint 
il 

Comparing th i s  t r a n s  i e n t  

rcgic:. i.:ith t h e  t ~ . a n s m i c  speed range of accu iu la t ed  diffi- 

c u l t i e s ,  ;;i;ios plcccy of h o p  t h a t  &he gap w i i l  narrow or  

eve- 6.lscl>scz,r -..:;Lila t echzology i s  being inproved. 

:.A:en ea. -s le tc  sh i e ld ing  by magnetic d e f l e c t i o n  of  the a i r  

cl-,ezd ~ 2 '  ;he body appears impossible a t  t h e  given 

t i c n  -:--> ~f t%e all-, ab la t ion  of the  body nose may still 

ZG -:::2 IC,$ res,a'X, Xeve-theless t h e  a b l a t i o n  r a t e  could be 

-.- r-qp-i. -..-"**L#b L'O ..d 1y.J a2;2lication of  magnetic drag  added t o  the n?e- 

t::?-f~-~_wl dy.azO (?he optirnm solut ior ,  of a g r e a t e r  c l a s s  of 

;;cr;;iisAiiSle v a r i a t i o n s  cannot b e  Ijrorse ,than the  optimum so- 

1:t:ox of t h e  restricted c la s s  cocq le t e ly  i n s i d e  the  o ther  one.) 
- 
L A  '.q - au-A~ . . - z l  - - -  the  cagne t i c  drag  has t h e  sane o v e r a l l  tendency 

2 s  k s  ;,:i3 d ~ a g  by viscosity, nazie lg  t o  ret-w-n t h e  f r i c t i o n  

LLd * - - 2 -  _ _ -  LA -:he SCX e l a z e n t  of t h e  f l u i d  which ezperienced the  

i-',7c ~ 7 - b u u u w y  ,- - -+ r-.; -. is  cer.vainly accoziplishing the energy 
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consarvzticn n i t h  the  m i n i m u c  of book keeping, and the  t o t a l  

entkslpg,  o r , i n  less exact terms, the t o t a l  temperature of 

zll s t r e s z l i n e s  s t a g s  constant in such an arrangement, While 

th5:i-e i s  8 second l a v  of thernodynanics p red ic t ing  equal iza-  

tion of th3 actzal temperatures i f  t he re  i s  no cornpensation, 

thepe i s  no similar law f o r  t he  &bf?i,.d+,@ t o t a l  temperature,  

n o r e o v e ~  there  i s  p l m t y  o r  compensation wherever drag i s  

CY68t2d9 if such were needed. It i s ,  therSfore ,  necessary 

t o  i n v e s t i g a t e  nore c l o s e l y  the e x i s t i n g  except ions and 

to davelop Kethods t o  enlarge them. 

G e m r a l l y  v:hm the designing engineer needs f a m i l i a r i t y  

111th the s z z l l e ~  a e t a i l s  o f  a phenomenon which, i n  i t s  bulk,  

i s  r ,ot  in  his ~ Z V O T ,  the prob2.zYi a l s e s  t o  adapt d e l i c a t e  

Info~;:stiam, ta t he  engineering iangaage, Cuiibersome r e l a -  

-Lions hzca t o  Se ?resented i n  t h e  most h e l p f u l l  coordinates. 

In th2.s connection I ai”3 alnags reminded of the  work of R, 

7--11 -l-d _ _  2 i’ - ,-,‘? , . A - ~  created two engineering diagrams, one for t he  

c o q 2 c s s i b l e  f l o w ,  h i s  enthalpy-entropy-diagram, and t h e  

o t h s r  oce for binary n i x t w e s ,  his enthalpy-composition- 

L;zs-c::+ In  conepast t o  other diagrams, h is  g8’phical repre-  

senGaLions ;uggast .zutozatTcally tke  r i g h t  answers. There- 

f3-r.e these  rtthinicingt2 diagrams plsyed a n  important r o l e  in  

C l C ~ ~ * ’ ‘ ?  I--i> - t h e  a i r ,  t he  f i r s t  one i n  breaking t h e  sound b a r r i e r ,  

0 -  .- ~ - ”..+.-. cscond one i n  b;oeaking the heat b a r r i e r  by ab la t ion .  



.r) . - - -  e ic ; e ~ >  sxbs t2 tu t ing  v e l o c i t y  by e l e c t r i c  f i e l d  components. 

--- -e _ J 7 ~ - . ~ z : : ,  zse  t;-oubles a i d  t h e i r  c u e  by c r e a t i n g  c l a s ses  

,--vu,c - - > + = lines essentially d i f f e r e n t  f r o m  t h e i r  neighbors 

8 : ~  .2\=:-L~lc c o a ~ u c t i v l t g ,  o r  n o r e  s p e c i f i c a l l y  i t s  r e c i -  

- - - - o c ~ l  .- 
L~:..-:::&: $ 2  c l x  v l s c o v i t g  of fluids. It even e n t e r s  the 

v z h e ,  <he e l e c t r i c  r e s i s t i v i t y ,  has a very  c lose  





- / b  +- 
i n  ~ ; " . s G c  a t  a l l .  Co l l i s ions  c m  push, n o t  pull. T h i s  SO- ' 

c z l l c d  " c a v i t a t i o n  danger" i n  t h e  Couette f low i s  a r e s u l t  

of ths complete alignement of t h e  p r i n c i p l e  axes f o r  s t r e s s  

m d  s t r a i n ,  though t h e r e  is a r o t a t i o n  of a l l  f l u i d  elements 

w i th  the angular v e l o c i t y  ~ = ~ / 2 h  

o f  the p a r a l l e l  motion of the  walls, h w a l l  d i s t a n c e ) .  

( v v e l o c i t y  d i f f e r e n c e  

P i g w e  1 show,  t h a t  a misalignement of t he  p r i n c i p l e  axes 

o r  h b o ~ t  15 degrees would e l imina te  the  nega t ive  pressure  

eccord icg  t o  Xohr 's  t ens ion  diagram as indicated.  

3.  Elec t ron  ?lotion 

Coning back t o  the  e l e c t r i c a l  problem, i t  i s  poss ib l e  t o  

r e p r s s e n t  t he  inr'lcence of the a a z m t i c  f i e l d  on t h e  e l e c t r i c  

cun9sn-i; i n  gases by a simple trannformation of t h e  case w i t h -  

ou t  t lagnetic f i d 2 ( f i g u r e  2) Since t h e  s i d e  f o r c e s  caused by 

the magnetic f i e l d  are l i n e a r l y  dependent upon the  v e l o c i t y  

o f  t h e  chmged p a r t i c l e s ,  the  problem of i n t e r a c t i o n  can 

best be presented in  v e l o c i t y  coordinates  (HodQgraph). On 

zccouat thzt figures p r e f e r e n t l y  demonstrate two-dimensional 

r e l a t i o n s ,  the  v e l o c i t y  plane may be chosen perpendicular  t o  

the zagfietic f i e l d  poin t ing  in to  the  plane. I n  o the r  words, 

the zs;;.letic f i e l d  has  only a p o s i t i v e  z cornponent,*while the 

\-a 1 6 L L b y  - plane i s  pa-ral le l  t o  t he  x,y-plane of a x,y,z-space. 

It 1;; +- ,ne e f f e c t  of t h e  presence of  t he  magnetic f i e l d  

thct Ta loc i t i e s  schieved mder  a c z e l e r a t i o n  by an e l e c t r i c  

2 i z l Z  s t c r t  becding around and f i n a l l y  complete a c i r c l e  in  

bl--- T - -  7 0 w - d d  -. -" f--? coorcinates r h o s e  center  i s  t h e  a c t u a l  o r  appa- 

rcr.? 1 3 i f t  s p e d  of t he  nagnet ic  f i e l d  - E/B. It is under- 
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s k : L 5 l c  that accoxLk; to the  f r u s t r a t i n g  advance on a 

c f ; -c l s  i;i otead OF a s t r a i g k t  l i n e  the  r e s u l t i n g  v e l o c i t y  

13 vsst-ty i?oZxod,  Thc t o t a l  devfa.t;ion f r o m  the  beginning is 

- v d  u-.Lc-~..,2 z 3 :- ,I::. 29 i:?trodiice s t a t i s t i c a l  aveaages the  

c o z v s n t l c x i  sfz2lif i ca t ion  of using one t y p i c a l  c o l l i s i o n  

..*, > - :--- .. 

is zzc3 m c o z y n d a d .  It is more c o r r e c t  f o r  small d i s turbance  

<.-- ,--.L,:XS - . -, - d o s ' t  h i t  us, we h i t  you - this  p r o b a b i l i t y  

. -  --+-b-A2:iun leads t o  an exponent ia l  d i s t r i b u t i o n  of t h e  popu- 
3 V l V  

. "  :-:~a:: .E;: d i f f e r e n t  s t a t e s  according t o  figure 3. It has 
. -  
-- ~2 1-sz-e r d - ~ r i z t a g ~  besides  being correct f o r  small d i s tur -  

knee v a l o c i t i c s ,  -2hst i t s  population center  is i d e n t i c a l  - 
a l th  fts c o 1 7 1 L i c  center .  (The a s s u p t i o n  of zcns tan t  l i f e  

c v A u  3p 6 e- & a t  L- -2  l i f e  s p a  and requipes  more a t t e n t i o n  t o  ,ut 

:--I- v ~ u  ~ f a c t o r  2 1 on the proper places,) If, now, the s t r a i g h t  

zecsleratLc:l,Tmder the ac t ion  of the e l e c t r i c  f i e l d  a lone,  

is - , J A h p 2 ~ d  ,">--- a r o - a d  the c i r c l e  reppesent ing  the change by t h e  

- - . , s a c ~  of t h o  magnetic f i e l d ,  the  populat ion center  i s  

:-J> 2 soh'; oa - t h  c i r c u 3 e r e n c e  of the c i r c l e  but a poin t  

k e i < . o  ths c l r .c le ,  The exact pos i t i on  is e a s i l y  integrable 

v i t h  t h o  h e l p  or' C G Y : : : ~ ~ X  numbers. The r e s u l t  is  given in 



c i t g  of the  c a g m t i c  lines - E/B. The t ransformation from 
C #.I. / 

i u-ca -- ?oin$'thout nagnet ic  i n t e r f e rence  t o  the poin2f i i th  

- L G  &K-? u--u cquat ions (1) or a b b m v i a t a d  ( 2 )  of the a n a l y t i c  t r e a t -  

,-.?-.e.-> Lh--wA2-b r l a z s i t g  as cczpared t o  the expected one without any 



.. 

creation of lift t r e a t e d  by the au thors  t h e o r e t i c a l l y  and 

SXperii2entzlly. I m i d o  t h e .  c i r c u l a r  c ross  s e c t i o n  of t h e  

i x p e t i c  f i e l d  B b;r the  f l o w  o f  ionized gas an induced 

cLcz:;?Ic field perpendicular  to t h e  v e l o c i t y  V is crea ted  

= : X c 3  t r i e s  t o  proz:t~ cur ren t s  j in/oblique d i r e c t i o n ,  

The I'iirchhofz" condi t ion t h a t  c w r e n t s  do n o t  exis t  but 

c'oszd, ozkes t h e  fzli Tyoblen a l i t t l e  nore d i f f i c u l t  

221 

3 x n  cL3e oxe shol.7: c i r c u i t e d  rrourzd r;he rsagnetic f i e l d .  

r.?-- ir-ro,~irqP-- .A,,,d,c;nzl > : G ~ ~ G z  of c w r e n t s  ou t s ide  a c i r c l e  
*--v " . 

hzd t1:o six:?L:ZLz& ~ r = s x l t ,  t h a t  the  e x t e r n a l  region is  equiva- 

l e n t  t k z  k.-;sxial  region. T i x s  the closing ou t s ide  without 

m a ~ n e t k  i n t c r f e r s n c e  affords again t h e  Ohm por t ion  of  the 

e l e c t r r c  field insfde.  The t o t a l  induced e l e c t r i c  f i e l d  is, 

t h e x f o r o ,  achieved by zccept ing once t h e  Hall component 

.--I but d o ~ b l i n g  the 0Lz-i corqoaent Za p a r a l l e l  t o  j .  73- Y?, 

r -11  Lne V O l ' Z i e  i o r c e s  f = & B  are  only crea ted  i n s i d e  
L-A4d 

the magne- 

t i c  f i e l d  acd have a s x l l e r  angle between t h e i r  d i r e c t i o n  

n-zd t h e  i i r c c t i o n  o? t he  f i n a l  flow v e l o c i t y  V. By applying 

~ t r o q e i ?  cagne t i c  f i e l d s ,  a n y  acute  angle  between f and V 

czn, ho\iever,  be achieved. The drag component has t o  pay 

To=. b o ~ h  the  i n t e r n a l  and t h e  e x t e r n a l  c r ea t ion  of ohmic 

Ixct";; both p a r t s  cons i s t  according t o  the quoted equivalence 

of 22 cqxai 82'-8'&2.3t. 

. . .  :.. t at3 0 

s a l 1  Ef fec t  and Sli,epe 

a o r t h  his salt, nould ever l eave  this problem 

It klu.rts t o  pay for unnecessary hea t ,  even 



_- 
L ,>e of .  t h e  t co vec to r s  
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i'c? 8 penc i l  of rays  is  elementary geometry. It is ,  the re -  

fore, n o t  hard t o  f i n d  the fou r  p o i n t s  9bcd on both of t h e  

c i - c l e s .  
) I  

Z.  Drag S J  Hall Zffec t  and Shape. 

rT'* i-,v n exanpls of high drag for r e e n t r y  a p p l i c a t i o n s  is r ep re -  

scn';c;d i n  f i g r e  7 on another e l l i p s e  with t h e  axis r a t i o  

a/b = 421. L d b ~ d  t o  t h e  a c t u a l  example a r e  t h e  high drag 

p o F c t s  on both  the i r l d ~ c a d  e l ec t= . i c  f i e l d  c i r c l e  and the  

i ' lL$ . t  v e l o c i t y  ci=.cle f o r  sll ax$s r a t i o s  1, 2, 4 ,  and 00. 

T 2 i L e  st the  assumed nagnet ic  f i e l d  i n t e n s i t y  and t h e  r e s u l -  

t i n g  tilt  betxeen i n t m c a i  e k t r i c  f i e l d  and cu r ren t  even 

ti--3 &xis r a t i o  4:l never Wdei.bids thg i n t e r n a l  f i e l d  s t r e n g t h  

L - - . . - ~ ~  -kcz '~lzozt under l ines  the experience 

- . ' l o l L  t o  cu,-r;;it r e l a t i o n s ,  t h a t  t h e  e x t e r n a l  c los ing  i s  an 

c.ddi$iior-.al bu=.Zt?n, bhe case of i n f i n i t e  a x i s  r a t i o  demon- 

-J $2 9% 
T7 u n t i l t e d  

-A. I 1  

)rcD. 

\U$ 
*>L'xk.z conponent p a r a l l e l  t o  the cu r ren t  vec tor  j. The 

L ; o c h v M  
 all coz?l-,ocent i s  saved. Sircilar,.iiot q u i t e  s o  & 
s2viazs c m  be made by h igh  f i n i t e  axis r a t i o s  o r  l a r g e r  

'I 

01" - c L L L a ~  i ~i - n m g l e s  between e l e c t r i c  f i e l d  and cur ren t .  The 
4- ~ssclt i s  t h a k  a cerLAin outs ide f i e l d  is q u i t e  welcome. 

7 - 7  diL-- ', -..l 

ver._; l i t t l e  for the ex te rna l  c los ing  of t h e  cur ren ts .  

t h  a c t u ~ l l ~  depicted case with t h e  e l l i p s e  4:l pays 



.. 

7-l ;:occ Cone E l e c t r i c a l l y  i s o l a t e d  Versus Conductive. 

T k s  p r c c t i c a l  i z p l i c z t i o n s  of t h e  lessons/ learned  by in- 

v e c t l z 2 t i z g  e l l i p t i c z : l  shapes f o r  t h e  magnetic region, a r e  

cal3y t o  C ~ G S ~  its f avoF i t e  cument , s ince  both  the  r e t u r n  

t i w o u ~ ' ~  el- t C a  s k i n  and the closing a f t e r  one t u r n  around t h e  

boey'is f?se of any e- ternal  b-aden,  Thus t h e  i n t e r n a l  

~ L S C - L Y T L  f-5l.d CO~~-SE:.I~S just the induced f i e l d  

s ' ~ : v o ~ , ; e  c c m e r t  beccz3s reality. The voluste f o r c e s  f = j X B  

and i t s  

'" e <>L c e (-J 
a2"a o'sl iq--  LZ/ g i ~ ~ . ~ ~  r. a p;:,A,-k J I / - / -  component for drag, using the  

O Z ~ C P  C C : ~ ~ G L I S - ~ ~  foi- a t o q a e .  39th components have t o  be 

,,fed m.--  

W&: G4' 
by ohz~ic heat I -  --: the product drag t ines  v e l o c i t y ,  

12 figcm 9 zhe m t u r n  patn of t h e  cur ren t  i s  blocked. 

r i  ,r,e ori , - inai  c - u i - e n t  ;;it5 i t s  long i tud ina l  conponont, c r e a t e s  
/ 

?. s22ce charge because of this blockage till the  r e s u l t i n g  I 

, lectx.ic flsli: i s  satisfied with a c m r e n t  in c i r cumfe ren t i a l  

dS?ection 0~1y.  The e l e c t r i c  f i e l d  o f  the space charge E 
&i%, ,L SP 



?lssza ~ i t h  r e s p e c t  t o  the  o a z a e t i c  lines, which would c r e a t e  "_ 
\ v- 

t h e  t c t a l  I'ield. p lus  E . T h e  answer i s  & v e l o c i t y )  w i t h  
SP 

2 ce,-trin c i r cumfe ren t i a l  component added. Since the f loa 

c a x m t  tvjist z.-omd in  t h i s  mwiner, t h e  magnetic l i n e s  could 

cb t k e  circ-c:-2~:-~~n'zizl ?a r t  by sp inning  l i k e  a l e f thanded  

??c~cL?-cr ,  CazzL:-.iaz t h e  -x:o extremes of high conduc t iv i ty  

ZC-2 - u ~ , l o  -1-.-I c o x d - ~ c t i v i t y  of Lhe nose skin,as p i c tu red  i n  the  

ki f'1s--;-e 9, The south  p o l e  S ins ide  the nose does n o t  

CziQe ;bo-&$ t ~ - 3  t n i s t i n z  of i t s  t& of magnetic lines. 

y- t  3 s2inning of the  magnetic lines i s  proper  a p p l i c a t i o n  

of T;he n a g x c i c  r e l a t i v i t y .  The r e a l i t y  of  t h i s  movement 
<A,-i i yoJ %?"l i:/ d 

23 riot - - -  , - . , , - - ^ ~ l a t i v i t y  - and ae are f o r t u n a t e  t-bt the 
'-i 



uLL-:g i s  s i i i lc i -  $0 t h o  f o r z e r  case of e l e c t r o n  vement. The t--- : % 

1 : 240 IS CA 02hr of nagnitude reminder. The a n l y t i c a l  

* .- ?.-- 
b- ec_iration (1) and can be gene= 

ticx (Cs j .  

I , .  
_ _ &  .r .- u-x ?roc&sz  or' g iv ing  t2.z enig2neer not  only the  puzz l ing  

i ? c ~ L - a ~ s  02 t he  zcznetic intcxference but  r e l i a b l e  r ep resen ta -  

t > ~ r i : ~  I Lava bo ask for p o e t i c  licence with r e s p e c t  t o  the 4- 

sc?erpositioz of the  negative and t h e  p o s i t i v e  charge move- 

z imt ,? 4 Y h  f i rs t  sepa ra t ion  f r o 2  t h e  crowd c r e a t e s  a b inary  

:.:ixt-z~~ the second separztion a t e rnery .  mixture,  no  matter  

~ ~ h 5  ca2~,1-'.zses f i F s t .  I7hile i n  a binary rnixt-me one f r i c t i o n  

coefZic ien t  governs a l l  reL2t ive motions, i n  t he  t e r n a r y  

y -  _.___. 2 7- &..-e u-.-b r r e  ;;ot t c o j b u t  tkree f r i c t i o n  c o e f f i c i e n t s  needed. 

Czlg t h ~  czss 02 o m  bulk c--?o,:d v i th  m a c e s  of two o the r  



' : 

Zven is this  case of very low mixture r a t i o s  t h e r e  i s  - a  'danger 

t o  confuse the mass r a t i o  of t h e  two ing red ien t s  1 : 5 5 , 9 9 0  

x i t h  t h e  f r i c t i o n  r a t i o  1 : 240, t h e  common populat ion 

cor,tcor and t h e  common c o l l i s i o n  cen te r  e t c .  My apology f o r  

r ,ezlect ing the  philosopkiy of t e rna ry  mixtures f o r  the sake 

of s i ~ ? l i c i f , ~  ir? t h i s  paper  xayrfi be born out  of my own work 

in n?ix;sures. Thc: s i q l i f i e d  and widely used r e p r e s e n t a t i o n  

p e s t o r c s ,  of  c o w s e ,  p s T i t y  i n  case of p o s i t i v e  and nega t ive  
<2:2,:4 '.& -J 

-1, - ions of eqza l  3ass anaycross s e c t i o n  automatical ly .  

Lhen t h e  e l e c t r o n  moveslent by i t s e l f  d i d  n o t  cos t  more 

ohmic hen t  f o r  t he  a c t u a l  cur ren t ,  the  adding of ion move- 

c e n t  G r  i o 2  s l i p  is  cos t ly .  The p a r a l l e l  component of t h e  

e l cc+ , r f c  f i e l d  a i t h  r e spec t  t o , t h e  cu r ren t  i s  t o o  l a rge .  

The extra h e a t  i n  the  second term of equat ion ( 7 )  i s  posi-  
I'  

biva and equals t he  f o r c e  y = j > ( B  

c i t y  d i s t ance  or  t h e  f r i c t i o n  center  of  t h e  t o t a l  cu r ren t  j 
from t h e  o r i g i n  - t he  f r i c t i o n  cen te r  c u t s  t he  vec tor  i n  t h e  

rat ioL5+/  5- - these two vectors  a r e  p a r a l l e l  and i n d i c a t e  

m u l t i p l i e d  w i t h  the velo- 
it h 

t ude 1- i ' r i c t i o n  l o s s  t o  c a r r y  along the bulk of negrtrals. 

The aaxizim va lue  of t h e  conduct ivi ty  , which i s  a v a i l a b l e  

i f  the X a l l  component i s  t r e a t e d  in  the best poss ib l e  way, 

i s  reduced with r e spec t  t o  Eo by a term conta in ing  the  

sqdare of  the magnetic f i e l d  normal t o  the cu r ren t )  -bm 
92 
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5. L ~ - e  D. C Accelerator .  

To denonstrate  the  value of a r ep resen ta t ion  conta in ing  

n o t  o n l y  t h e  r e s u l t i n g  cur ren t  j but  a l s o  i t s  p a r t s  j- 

~cl-;d j, t h e  exarnple of the j X  B o r  t he  D.C a c c e l e r a t o r  

is given i n  f i g w e  13. A11 r e l a t i o n s  a r e  i n  an obl ique 

fz..shion a;?cl. the des igniag  engineer has t o  f i n d  his  way through 

the:-, havl:.=g only tha exact  value of t h e  magnetic f i e l d  b,d$ 
s t r a g t h  2 s  an a d d i t i o n a l  va r i ab le  not  v i s i b l e  in f i g u r e  13. 

Xotat ing ffgxre 1 2  t o  a favorable  p o s i t i o n  can do just 

Gne o r  s a v e r a l  choices. If the app l i ca t ion  of two long. 

e l a c t r o d e s  i s  the  choice,  t h e  r e s u l t i n g  f o r c e  and t h e  

currerrts ars t i l t e d .  If t h e  e $ e m $ $ b /  closed through 
G Y l - l - C f h r  1 s  

the  vires on the ou t s ide  applying mul t ip le  s e t s  o f  e l e c t r o -  

C e s ,  the  s i d e  covement of t h e  p o s i t i v e  ions can .be  avoided 

as i n  t h e  presented case of no ' 8e l ec t ro lgs i sn .  The acce le-  

Tzti'on f o r c e  i s  still t i l t e d ,  but t h e  bulk of  t h e  n e u t r a l s  

can deve lop  a smal l  pressure d i f f e r e n t i a l  begween both 

r iz l l s  t o  cozqensate for t h a t .  The conservation of the  PO- 
. b *  

I ' r B % S  
s i t i v e  ions\,; -?/ a long a c c e l e r a t o r  l eng th  cou ld  indeed be 

t h e  - rnost i npor t an t  po in t  of view, i f  the$& made by 
: (, 9 yb 

s l o y ~  a d j u s t i n s  e q u i l i b r i u  or by seeding with f o r e i g n  7 
s d d i t i v e s .  Thle purpose of  the diagram is t o  leave  t h e  

Ciscision t o  t h e  completely informed designer.  



. 
V I 1  , Conclusion ---_------------- 

In  conclusion I l i k e  t o  come back t o  t h e  b a s i c  ques t ion  
n 

G,,: aerodynamic app l i ca t ions ,  what a r e  t h e  chances of magneto- 

fluiddynamics t o  provide adequate f o r c e s  between’the a i r c r a f t  

mAd the  swrounding  mantle of ionized a i r o  While i n  r e e n t r y  

dpq, a d  h e a t  h a v e . t o  be weighted aga ins t  each o the r ,  t h e r e  

st- t l l  i s  a r eques t  o f  a minimum f o r c e ,  Since f l i g h t  speed 

V i s  g iven/ the  o ther  f a c t o r s  a re  conduct iv i ty  8;; and t h e  

square cir” t h e  magnetic f i e l d  B 2 . These f o u r  f a c t o r s  determine 

the drag per uni t  volume, while t h e  aerodynamic f o r c e s  are 

per  u n i t  of a r e a  and t h e  dynamic pressure  V2 t imes t h e  a i r  

c e n s i t g  

t h e  ze-odynamical case every s i n g l e  f a c t o r  counts,  the  

na@cSofluiddynamical case i s  q u i t e  except ional .  A n  i n f i n i t e  

con2zc t iv i ty  would n o t  so lve  the problem,neither an i n f i n i t e  

s a g n d t t c  f i e l d .  

9 o r  one half of it, t o  be conventional. While i n  

If t h e  conduct iv i ty  i s  l a r g e ,  t h e  induced c u r r e n t s  add . 

t h e i r  oun magnetic f i e l d  t o  the given magnetic f i e l d  and . 

20 it) according t o  Lenz’s r u l e  of induction4 by diminishing 

Lhe e f f e c t .  H a l l ,  as i s  demonstrated i n  t h e  chapte%clu- 

Ling t h e  ion  s l i p ,  does not  give t h e  magnetic f i e l d  an m- 

i i s i t e d  influence.  The usefu l l ,  genera l ized  conduct iv i ty  

” ‘:q Y 

WG 

c- of equation ( 9 )  f i n a l l y  diminishes inverse  t o  B 2 
a b  s t o p  the growth of the for68 by the  o the r  f a c t o r  B 2 . 
3 t ’ n  L e u  and Hall have t o  be observed and show that  t h e  

x o z t  successf-A increase  13 on t h e  smaller  of two terms 



c 

1 

in t h e  denominator of equation (18) o r  (19).  If t h e  conduc- 

t i v i t y  i s  supe r io r ,  the  Lenz l i m i t  of tkemagnetic f i e l d  

s t r e n g t h  becomes dominant. If t h e  magnetic f i e l d  is  s u p e r i o r ,  

the Ea11 l i m i t  makes i t s e l f  f e l t .  On th i s  l i m i t  t h e  charged 

p a r t i c l e s  a re  rlmost stopped b$y 

drag f o r c e s  correspond & t h e l ' f i l t e r  f r i c t i o n  on the  n e u t r a l s  

the  magnetic f i e 1 d . d  The 
I 

charged par t ic les , ,  

?Tac t i ca l ly  we a r e  only a t  one t e n t h  of t h e  condmctivity 

and one t e n t h  of t h e  magnetic f i e l d  s t r e n g t h  where these  

e f f e c t s  come i n t o  play. There is  s t i l l  ample of L&$$b#jdjf$yk 
s l a c k  f6r future improvement. If both v a r i a b l e s  ga in  a f a c t o r  
A ten, the magaetic f o r c e s  a r e  a hundered times l a r g e r  than 

the  .aerodynamical f o r c e s  i n  similar dimensions. The main 

point,that I like t o  convey, is the  f a c t  t h a t  t he  p o s s i b i l i -  

ties depend to g r e a t  extend on s k i l l ,  t o  f i n d  new t w i s t s  and 

t r i c k s  i n  these misaligned r e l a t i o n s ,  The g~--+- 
w o r s t -  @*ern 

of r i g i d  mathematical pro6fs  is the designing engineer, 

7;:ho zczoinplishes thenimpossiblenbg simp>g violating t h e  

ass-mpt ions of t h e  proof. For h i m  I have h igh  hopes in  

byeaking t h e  ionic barr ie r  
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